The significance of the work is determined by the need to develop a cluster theory of the liquid state of a substance in order to more deeply substantiate the viscosity, which is still expressed by empirical parameters within the framework of ideal ideas about the stratified flow of a liquid. According to the reference data on the dynamic viscosity of the melts for chlorides of the first group of the Periodic System, the approximating dependences in the form of cluster-associate and Frenkel's models were constructed at various temperatures. The first model is based on taking into account the share of particles that cannot overcome the thermal melting barrier and thus serve to form virtual clusters and associates while preserving the structural motifs of the solid phase. In the framework of the cluster-associate viscosity model developed by the authors, these formations determine the melt viscosity and serve as flow units to which the energy of fluid motion is applied. The Frenkel's model allows us to estimate the activation energy of fluidity. Calculations show that by comparing this energy with the degree of cluster association obtained in the framework of the cluster-associate model, a fairly close linear correlation is obtained, and the proportionality coefficient has the meaning of the activation energy per cluster. This energy does not go beyond the van der Waals energy of the unsaturated intermolecular bond characteristic of the interaction of particles in a liquid. This confirms the earlier established by the authors a similar pattern for melts of simple substances, based on the understanding of fluidity as a consequence of the destruction of cluster associates while preserving the clusters themselves.
Boltzmann's distribution for expressing various properties of a substance based on taking into account the degree of its randomization, in particular, on plasticity, evaporation and grindability. The modern cluster theory of a fluid is based on the discovery of numerous virtual formations that retain the structural motifs of the solid phase using physical methods [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . At the same time, only approximate qualitative relationships were found relating to the effect of temperature on the number and form of these formations. The authors of [19] [20] [21] for the first time substantiated the decisive influence of these formations on the viscosity of a liquid based on the concept of randomized particles put forward by them, subject to the Boltzmann's distribution and retaining their belonging to the virtual solid phase in a liquid according to the condition that they did not overcome the thermal melting barrier RT m in the entire liquid state range.
The proportion of these particles, called crystal-mobile, depends on the temperature according to the law 
The distribution of clusters according to the number of particles within them obeys a probabilistic pattern
according to which the share of n-particle clusters decreases with increasing n and decreasing P crm , that is, with increasing temperature. According to the authors [19] , the viscosity is determined by the content of two-and more partial clusters, and the fluidity is determined by all single-particle clusters in the P crm composition and by all single over-barrier particles. Thus, the proportion of particles responsible for the viscosity of the liquid, receives a quantitative expression ( ) ( ) 
At the same time, the correlation of viscosity with the square of the share of crystal-mobile particles, close to linear, was revealed in [19] using the example of metals of the first group. This opened up the possibility of a transition to a natural expression of the temperature dependence of viscosity using arbitrary reference points T i , η i .
The most adequate form of adaptation of the fractional dependence of viscosity (3) to the natural one turned out to be the one that was observed primarily on the limits of viscosity change in the full temperature range with a transition to the dimensionless expression of viscosity at the reference point η/η 1 ( )
In this case, a clear dependence of the exponent a on temperature was found, which indicated its secondary influence on the viscosity. The authors of [19] [20] [21] , based on the decreasing nature of the temperature variation of both the viscosity dependence and the exponent a, suggested that the secondary dependence is determined by the content of cluster associates, and the primary de- 
In general, we obtained a hierarchical cluster-associate viscosity model
according to which it became possible not only to describe the experimental data most adequately, but also confidently extrapolate the dependence to the full range of the liquid state, and also to analyze the cluster-associate nature of a fluid in interrelation with its well-known models based on the internal unity of the structural and probabilistic approaches with the interpretation of viscosity not only as a structure-sensitive, but also chaos-sensitive property. In this case, the parameters of the model (6) are determined by three reference points:
The value of b corresponds to the degree of aggregation of associates, that is, a more detailed hierarchical model of viscosity. As shown by calculations, this indicator differs little from one and can be taken constant for each substance. Apparently, the aggregation of associates is not as clearly expressed as the formation of clusters and their associates, and cannot be reliably identified given the low accuracy of the experimental definitions of viscosity, especially at elevated temperatures and a small number of reference points. It is possible that these inaccuracies for the most parts are accumulated and taken into account in the indicator b, which ensures, in general, a very high adaptation of the cluster-associate model to the experimental data [19] .
Methodical Part
Usually, such an adaptation is achieved by linearizing a complex model with subsequent data processing on the parameters of the direct equation. In this case, such linearization is not mathematically possible with either a single or double logarithmization of the model (6) . The same applies, for example, to the Arrhenius equation for the reaction rate constant, if, in addition to the exponent, the effect of temperature is also taken into account in the pre-exponential factor, the so-called frequency factor, on the intensity of molecular collisions. Here, linearization is possible on the basis of a much smaller dependence of the frequency of collisions on temperature than in the exponential, which makes it possible to determine the activation energy in arrhenius coordinates lnk − 1/T. Open Journal of Physical Chemistry
To a greater extent, this circumstance is inherent in the Frenkel-Andrade's equation 
where δ-the distance of one molecule jump to the adjacent monolayer of liquid, τ 0 -molecular oscillation period around equilibrium, ∆W-jump activation energy. Here, the pre-exponential fraction can in fact also be referred to the collision frequency factor and therefore is usually taken as a constant value, at least for small temperature ranges, as is assumed in the Frenkel's equation
However, the formal analogy of the Frenkel's equation with the Arrhenius equation
this ends due to the opposite expression of the exponent of the fraction sign. As shown in [22] , only the identity transformation of the Frenkel's equation by taking inverse values in the left and right sides of the equation
returns the exponent the original meaning of the probability of overcoming the thermal barrier based on the fundamental Boltzmann's distribution. In this case, inverse dimensional values, by definition, relate to fluidity, and the value of E-to the activation energy of fluidity, and not viscosity, as it formally follows from the Frenkel's equation. The itself value of E when processing the linearized Equation (10) remains unchanged. Thus, the main characteristics of the viscosity of a fluid related to its nature in the Frenkel's model is the activation energy of fluidity, which can be determined by processing experimental data in a certain temperature range that allows adequate linearization in coordinates lnη − 1/T.
In the cluster-associate model (6) it is possible to linearize in the same coordinates, assuming a = const and reducing formula (6) to (4) . However, the model is unnecessarily simplified, since it is determined through just one reference point and reduces to the type of power functions (у = х а ), while the exponential dependencies are indicative of the type (у = а х ). Only in its full form does the cluster-associate model acquire the greatest generality and adaptability, becoming an exponential-power function (у = х х ). In this case, the average value of the degree of association of clusters a can be analytically determined on the basis of formula (5) as the average integral value ( )
where T l -low, T up -upper temperature range values.
This interval can be selected with a full graphical representation of the cluster-associate model (6) after its identification by three reference points in the coordinates lnη − 1/T range from melting point T m to boiling point T b and processed in areas that allow linearization with the inclusion of all experimental values, and with their division into several segments of direct, as well as in the field of lack of experimental data. In all cases, the corresponding values of the activation energy by the Frenkel's equation and the average integral values of the degree of cluster association are found in straight-line segments by formula (13) .
Since the value of ā characterizes the average number of clusters in an associate, then by the ratio E a one can determine the activation energy attributable to the cluster and having the sense of breaking the bond between the cluster and the associate, that is, the beginning of its destruction.
This value should be determined on a wide variety of materials in order to identify any regularities in its change or constancy. Previously, in works [19] [20] [21] [22] , it was analyzed on contrast data relating to the viscosity of simple substances and complex slag systems, and in all cases the specific activation energy of a viscous flow, E/ā, did not go beyond the energy of the van der Waals forces [23] . Being the weakest and most unsaturated intermolecular bonds, they are overcome in the first place, which makes it possible to argue about the nature of the viscous flow, which consists in breaking the associates without destroying the clusters that retain the binding energy of the particles in a solid state even with their virtual existence [19] [20] [21] .
This paper is devoted to continuing the analysis of the relationship of the cluster-associate model with the Frenkel's viscosity model using the example of the halides of the first group of the Periodic System, for which there are minimally sufficient reference data (at least three experimental values).
Calculations of Viscosity Using the Cluster-Associate Model and the Frenkel's Model
Lithium chloride. According to the directory [24] found the values T m = 887 K, T b = 1653 K and three viscosity values used as reference points Т 1 = 910 K, η 1 = 1.59 mPa·c; Т 2 = 980 K, η 2 = 1.21 mPa·c; Т 3 = 1080 K, η 3 = 0.87 mPa·c. Using them, using Equations ( (7), (8)), we have identified the viscosity Equations (6) and the degree of cluster association (5): , mPa c
The results of calculations on them with extrapolation to T m and to T b are presented in Table 1 and in Figure 1 and Figure 2 . According to these data, the dynamic viscosity of lithium chloride, as well as the degree of cluster association, regularly decreases with deceleration as it approaches the boiling point. The similar nature of these patterns is the basis for Table 1 . Reference [24] and calculated by (14) and (15) Points-reference data [24] , line-by (14) . [21] , and this is confirmed by the actual expression of data on η and a, reflecting both a decrease in the share of clusters and associates with an increase in temperature.
In the lnη − 1/T coordinates, almost straight-line placement of experimental and calculated data is observed over the entire temperature range (Figure 3) . According to the parameters of the straight-line approximation of these data, the Fraenkel equation is obtained 29045 2 3.43 10 e , mPa c
with the value of the activation energy of fluidity 29,045 J/mol. In the framework of the cluster-associate viscosity model, this value refers to a flow unit -cluster association. According to (13) , the average integral value of the degree of association of clusters in the range T m − T b is 3.298 a =
, and then we obtain the ratio 8807 E a = J/cluster corresponding to the energy of van der Waals attraction of molecules.
Direct comparison of cluster-associate (14) and Frenkel (16) models viscosity is presented in Table 2 .
Crosses-by experimental data, points-by logarithmic calculated values (14) , line-approximating straight line. 
The results of calculation on them with extrapolation on T m and up to T b are given in Table 3 and in Figure 4 .
The correlation coefficient was R = 0.999026 at 513 2 R t =  and D = 0.998.
In logarithmic coordinates, these data are presented in Figure 5 .
Here, the noticeable curvature of the logarithmic dependence (17) forces us to carry out a linear approximation at two ranges with obtaining two Frenkel equa- Crosses-by experimental data [24] , points-according to calculated from (19) with respect to the reference data turned out to be close to unity, as well as of both the Frenkel Equations (19) and (20) with respect to the cluster-associate model (17) . 
The calculation results for them are presented in Table 4 and in Figure 6 . According to these data, a regular, with a slowdown, a decrease in the viscosity and degree of association of clusters with an increase in temperature is observed. Table 4 . Reference [24] and calculated by (21) and (22) Points-reference data [24] , line-by (21) . In logarithmic coordinates, the temperature dependence of the viscosity of potassium chloride is shown in Figure 7 .
Here a linear approximation is possible in the whole range of the liquid state of potassium chloride, 
Crosses-by experimental data [24] , points-according to calculated from The calculation results for these equations are given in Table 5 and in Figure 8 . They testify to the preservation of the monotonous nature of the loss of both dependencies, and in logarithmic coordinates ( Figure 9 ) there is an almost straightforward placement of reference and calculated data. Points-reference data [24] , line-by (24) . Crosses-by experimental data [24] , points-according to calculated from Table 5 , straight lines-approximation by the Frenkel equation. 
The results of the calculation in the full range of the liquid state are given in Table 6 and in Figure 10 .
A simbatic decrease with a slowing down of the viscosity and the degree of association of clusters in this case in the coordinates lnη − 1/Т leads to a noticeably curvilinear placement of the data in Table 6 .
This forces us to carry out a linear approximation at two ranges, T m -1500 and 1500-Т b , with obtaining two Frenkel equations ( Figure 11 Points-reference data [24] , line-by (27). Crosses-by experimental data [24] , points-according to cluster-associate model (29), solid straight lines-approximation by the Frenkel model, dashed lines-extrapolation to another temperature range. Figure 11 . Logarithmic dependence of the viscosity of NaF on the inverse temperature.
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From Figure 11 it is noticeable that extrapolation of the Frenkel equation beyond the limits of linearized areas leads to deviations from the cluster-associate model (27) that is uniform for the entire range, reaching 11% -14% at the extrapolation limits. At the same time, within the linearized areas, the correlation coefficient with the cluster-associate model was R = 0. , mPa c 980 1.53
The calculation results for them are shown in Table 7 and in Figure 12 .
In logarithmic coordinates, these data are presented in Figure 13 . Judging from the figure, the calculated and reference data are approximated to a straight line in the full range of the liquid state of potassium iodide, which makes it possible to describe the full range with a single Frenkel equation: 
The correlation coefficient of models (31) and (33) was R = 0.99955 at 3161 2 R t =  Crosses-by experimental data [24] , points-according to cluster-associate model (31), straight line-approximation by Frenkel model. 
Discussion and Synthesis of Results
From Table 8 it follows that with all the variety of halides (chlorides, fluorides, iodides) for the elements of the main and secondary subgroups of the first group of the Periodic System, which is accompanied by a variation in the activation energy of yield in a wide range, from 12,039 to 49,326 J/mol and the average Open Journal of Physical Chemistry integral degree of cluster association, from 1.549 to 5.193, their ratio remains relatively stable, from 7772 to 10,433 J/cluster, averaging 9329 J/cluster and not going beyond the energy of van der Waals attraction of molecules. This indicates a possible proportional dependence of E on ā, which is traced in Figure 14 .
This dependence is constructed from the origin of coordinates, since the absence of clusters in the associate ( of the viscosity calculation in coordinates lnη − 1/Т.
